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PURPOSE: A method and an apparatus for SoC 
design validation are provided to verify the design 
of a system on chip accurately at high speed and 
at a low cost. CONSTITUTION: The method 
comprises a step for verifying each core integrated 
in a system on a system on chip, a step using a 
silicon a silicon IC corresponding to each core and 
a simulation test bench from a core provider, a step 
for verifying the interface between respective cores, 
the core, an on chip bus and a glue logic using an 
FPGA or emulation of a test bench and the glue 

logic, a step for verifying the timing between cores and the timing of system on chip level, and a step for 
verifying design of the entire system by using the simulation test benches of the entire system on chip and 
executing applications. 
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(74) tfl^?! 



*1 -^95054*8 5) lu] o^AVHl-S-el-^Sje -i-el HfJ= 3201 
D l ^-95054*3 5} Su) o>^-a^e^«l-^2S*S| w)-£L3201 



i^f^ : &* 



(54) SoC^ H o V ^ ^ #*1 



^-fr 3«Hi 0 l fejl 31#o]^ Hl-g-ol SoC (system -on -a- chip) ^7)1 ^^g- ^ g ^ 

SW^. 3r*lfe, .S<H afl**Kcore provider) 0 !) sq-z}-il ig^ °] -*Je)^ ic ^ Alfjflo)^ Efl^eafl*] 

S (simulation testbenches) 7.}-g-SH, SoC°fl ^ 3 « 7flt ia^^ %^Z}?~ #7)); SoC 1§7fl;*H| ^ «fl 7fl^ 
Al^-eflol^ E-HiE*!l^l-34 5-3] (glue logic) 3 FPGA/^^H-S (emulation)* * r -8-*r°l 7 fl* s<^* #31 o] 
t) 5)1 °1 i2<H «-3] £ . ^ nlA f(on . chip buses ) > ^ = * ^ ^Sfe ^7)1 ; - ^ - SO) E)-o] ( core - to 

-core timings)*]- SoC e))t EH«g °J 7fl ^3.«~8r 3^*Hr ^7^1; ^ ^ SoCS) A|^efl°l^ ^ABigj(| ^ o^e] 
^(application runs)* >4**H ^7)1 ^*J§Rr #7))# i^-*>fe A>-g-S)-5LS- *)-§-^4 



£ 3 



- 1 - 



^7fls-*| ^-2001 -0067370 
^l^^-^-^(SoC). ^el^IC, t)H CPU, ^1^1 *]^$ 2 #3. &n Qtt, ^ 

£ 2fe IfrU A 1^ E J ^(SoC; system - on - a chip) IC^j 7fl^ ^ ^Tfl ^ ^ ^*}! &*\S. 

S. 3^r ^^-(EDA; electonic design automation) Q^-fy ^7^| ^*§^ #31 ^7^)# i^&Kr 



£ 4afe -£ 3^ EDA «r^°fl^ SoC^ «*|* Si^M ir-^JE. 

£ 4dtt £ 3^ -g^ ^^S] 7l£ » 



£ 5^ tj^fil ^ ^-y*(VU; verification units) °1 ^=1^ "M^l t 1 -^ ^Bfll- iH} A <M1*1 



£ 6^ * ^Efloj cl^E jlliE] (event tester)!- 51 5^ 3* ^ (VU) 5} <g^» 

£ 7-& # SoC^l ^7>«>7l fl^r -n-^Sl -a^ll- SLA]^ ^-4ff-i£. 

51 9^ «f°l 31 1 <^|»^711 o]A^ o]o]^ a^^ 3^cq cfs <a^l# £Al^ ^JE. 

£ 10^8: ElliSS ^ 7]¥ iS^t"^ ^ £L— (performance board) Sr^l ^2 ^7}1# 51 a!*}^ >£t§ o) -g^) ^ 

51 11^ 3^ ^(VU)*°1 DflO] A]^^ u^o} ^ £ Cf^ ojsj] 

1- 51AR1 -g-4^.51. 

< 51^ iriL ^f^l tH^l- -if Jl<>1 
41 : EDA(*i*r ^ 741 *r*£|-) 
43 : ^^-^-^(SoC) 
45 : 31 cflolBl 31-^ 
62 : ^91 CPU 
64 : -*li E J tf|i 

66 : ^ -ffy 

67 : 7)1 ol CPU 



-2- 
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68 : 3 5 IC 

t& ol JSL ^ 

O — I —I "1 

^ ^ o. 7 ] ¥ 3 o]t| SoC(^i^ - ^) ICS] ^741 ^Aj (design integrity)^ ^A r * r7 | 

^ «i A374I ^^o] ^o] q-q-^ <^ £ ^ 7 }±. 4^-^ =7040] ^0401 ^ ojejsfloli 

, ^ SoC IC £31 ^*H1 tflS}^ 3| 7 >« ^ flfe SoC -3 7l| 3^-8: ^ ^ 



^5\4 ASIC 7l#^r ^ - ^ B (chip -set) 7fl^O.SJf-E4 A^^Al lfl#3<H 71 X) AliEj.-g-.^(SoC) 7fl\i 

*M l^sH °l£]* aI^ej _ cHft!- o]#e]?flol^s.^ ^]^§}^ » ^^fi-- s ^X|^(se$ *13 ^H<+ 

£fe IPS ^*Ha) 4^ 7]^S] n]e] Effl- A>-g-s>o] s^^rf. a o v 7 ] so^s-o. o. s «fllsl^/HDL( 

Verilog/HDL; ^l*!)^ S>o] . eflig 7 ]# ^o|(HDL; high-level description language) 

£fe GDSII(s]-£-3^S. ^^]^)2f ^ S^]i^ eflt ^Mor^l-*! -^--g-e>r]-. a]^ . ^ p}ol 35.35.^7-4 
, rfl^ oflSLe] ufl<S«-, ^.c]jl ^ u]c]^. ^o^l*, S.^, <&*\y. ^M, 2D ^ 3D *)H 7 1=-, DSP 7l^#(f U nc 

tions) f-^f ^ ^-^ 7]^!-^; ^ S r J= s<H ^ JiHS ^ 5U^. 



Aj-71 SO]S-^ ^ 7^7} ^A>S-S.^-E] ^S] #j=.3q$U SoQ s. o>S. 7 ] ^ ^£]&C].. ^0)7} $)^sL^ 

s-E]^, Sio) 7fl^7>ir 2»1S) Al^-sllo]^ Efl^sia^S]- $-*f| ^} vfljeel iS (netlist) « afl^tM}. t^A^ 3^7] 
SoC^l ^^fe ^-f , ^ SoC ^HH^ ^-g- %^Z}7] ^ <3°]S>] <S«§ & 0 ] S^S] ^AE^^] f 33 a]-g-*> 



4^74]^ HflmSZLA'HDL^]- ^ *H 0}<Hf A>^-^ ^-SS. 7^U._1-S.S. S 7]#5]J1 ^^-/TilolE . efl^ Bfl 

ms^WHDL a]#^o]e1o11 S]«fl Al^-eflcls^x^-. ne]?V Al^-sHo]^ ^ ^^] 7 ]. ICS ^ 25 ] 7 i o]^^] 7 1^* 

^A>S>7] ^^53* ^1-C]-. ^741 ^Sfl 71^4 ^741 °fle1^1 «>?l5]^i 7fl7]£]7l5L ^ 

7l nfl^-ofl 7R> ^A«>Jl o]s]^- a]-<ai:(tasks) f 1 ^ ^°]i4. Al^-eflo]^^ ^ £7 |. ^e]^ SoC a]-o]^ 7 > 37] 
nfl^l, SoC 5)11 4i 74] ^^-gr ^ o.^^ 7] S\ *7>^V ^^olcf. 



^^(accepted entity) 0 !] cflt!- ^A>^ %^t\, o]^ a]^eJ ^^]ofl oio]7i ^Wl- Bl]^^ S 
^a>§>^ 53 -Ir <*M$t}-. a]^^ ^T^i ^ofl ^a o v efl^^E4 c]-^. ^Aj- 3]!^ ^^.o] 5§^}t]1 

^^(fe^l- ^f^Hr ^V^cf. ^^S] s-a]^ -^741=. xfloflA-] Al^Bflo] ^^S]J1 ^2lQ ^] ^x^S, 4* 

* ^°J^» til 0)14. A]^^ Cf^^ Vfl^> SO]S^ cfoj §)-^^o4 ^-Aj i^-^l-q-. V\ 

SoCS] A|741 i^ir-Sr ^^JI, 7>S] a o V^ ^s-^ ^#*>3., a^eJ ^^*>fe 5] 

O-S c»l^-o|A]rf. 



SoC ^^A-4°] 7fl«}-34 ^-^1 «8§- £ffol 7fll3-^ilS«l, Al^^Ol^ El |^EBj|^ 7 > ^ ^ ^ 

2] 3^* #4*1) A^A^ - ojc^ a^^J 5,]^ a^ 7]] 741^ ^^(design hierarchy)* 5-7]^ o] ^c^aIc}. ^A], 

ojaV^o.^ So] efl^^A-] e4H(leaf) eflt (stand - alone way) SLSL ^^-Ajofl cflt}- ^A]-# 

^>feCf. ^ ^, 5Lo]S- 7}S] o]E4s))ol> 1 s.ol s^^A4 E}<y^ ^ojej ^ ^ ^ ^ ^ ^S^^o)] cfl^V ^A># «V feC f Cf-g- 
^-7]!^ AS 0)^1^. ^ ^ ( fully asS embled chip) 0 )^^ o)^e]7)]o]A£ = 7 ). Efl;± .Etf|)All- Aj^s)- 



^2001 -0067370 



^M^t. SfS.fl<H/±=E^o1 ^ S.^r ^t} (1998>d^ Kluwer Academic Press°fl 2]^M. Kea 

ting^r P, Bricaud^ " 7)}A r -g- ^ti n^T§-(Reuse methodology manual)" ; 1997\3^1 Kluwer Academic Press°fl ^ 
t!" J. Stcunstrub4 W. Wolf^ " ^-^H -riiSS^lH 31 (Hardware - software co - design) " ). rfcHB^H 

^ (co - simulation) ^ Si^. ^ ASIC(-§~-§- ^^3)5.; application specific IC) 31 E-fe 

FPGA(^^o V 7)}o] e cv)eflo] ; fle i d programmable gate array)* A r -g-tl- ^r^H 7)^-^ (prototype 

)o| 7 fl^si«H -M-frW. 



7| ^ ^ (Functional Verification) 



i=h £ 5}*] ^ eflHS.-^ 2|J1 J^JjJ- eflt^l £A]s>Jl S)tq-. Sf, £ 1^ ^ HDL £1)^(21), RTL(register 
transfer language) %M(23), TlHS £fl1t(25) ^ #3 ^^1 31 1 (physical design level; 27) -fr £A] 9l^r. 

^C}i£ ^A c V eflH-oll tfl-g-*Kr 51 1^ l-S.( 28 )ofl 5]i S 5H oil}. 71^. E}<y^ ^ Bfl^ES.^ 

-§-* ^ sa^r. 



(1) ^§31 ^^Aiofl ^.g.^.i^.g. ^-ol§> 7 ) o]i£ £-g- Bl)i:^( com p liance testing). 

(3) -S^*] V\-L^Sr T 5Utt 7]^-^ a £7 } Hj^l ^(non- targeted) €^ 31^ 



(4) 7l^°fl S)^^°| <y o}o} ^.^-(misrepresentation) 7} ^ &;E^ ^7fl-#^ <H #3 ?)) °1 ^^^Jl 
3.*) ol-f-ol^ir ^^1 2H Efl^^ ( rea i code testing). 

(5) xWi £«S ^Ml Efl^H ^ ^-(collection) «g8fl^lfe^^ tfli^ (regression te 
sting). q-^S] tf|n ^i(bug fix)fe ^7} Eflis STj^ £ fe Afl^^ Efl^B ?])olil- * 7 ># 53* 

EfliE^^o] S o] ^ e^tJ soc^ 7)^^] nj-erf. o|« s-^, Sl^H tHiSH^ £tfl 

§V51 Al^-Eflol^ TjSfS.^. ^A>§>7] fl«B tf^ 7]^ 2.^§3r ^ i 5iqEi»* A>^-^-Cf. o] ^ « 7] ^ Sj 



5jo]i4. ole^V ^^-^ 7)1 a> ^-^-^s. (computational resources)^ D fl-T" H|J1^-^ 0 1t4. at!", 

. nM*M. 7] ^2] ^1 ^ ^-S-^ol 



?l&|3floli (Interface Verification) 
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- % 3^*Rr A^)^ ^3 HHEil- 3E.^*Rr ^fl- ^fecf. olE^l^fe -fi-^-/*?! S£ 

Ml- m A + ^}A7]A ^ £gj ^Efls] ^^#31). -as.** ^-fe^. ?lE]sfl clival ^fl. 

o]El2)loli ol^^lo]^^^ S.S. 7 F§^ H^Aas-o) lllj}£l, S.^ 7>^-tb Efl^H TlHi: 

#°1 -«^« <r Si 71 nfl^l l-7Hr^ 4^1^. n*eH, 3#°1 *fl*€ 3^ ^1, A^ AA 

2\ 3°\7\ ^HJSRr $}°)^A £ s t|| 61 El Al^i-^l cflSflAi S ol7> ^ ^Tfl *8**Rr*l# 55 

ol 4. °1 3^ ^A tnW, S^-S^ <%M«- n°]T% &-&°l 371 nfl^ofl %^o) ^Sfl^l 

4. 

A°] °J ^ 1r (Timing Verification) 



3^ 71^ JiC|- fl<g Cl ^^0)4. 33 ^°l D c 1 7H> **>7fl A>-g-El^ o] . 

33 Efol^) ^ o. cj.^ 7l# ^oi£.e|ei*s). 2 <Hffil cflS^o] vflEeli^ tflsfl ^3 ^ 

01 33 3M<>1 3^>7fl <^33 &3 nfl^l «m^0j ^o] 5flCf. 7131 *| 3 A^ ^ 

^°H, AAA o|^7> ^7l7fl €4. TfloiH-eflt Ai-i-eiioi^ 01^^.^^ ie)f<>| tfl# *fl^-* r 

3^P* ^-^Al7)jl TflolE . efl^go^ E)-oltg 7^ S S.^. Al^eflolE^ 3,2- ^JE^ AlTj-ol ^5l7l nfl^-^1 4£ 

3t} ^ «o v ^°l * «r Si^r. a*, 2} 3"^ ?1H^3 A°)A Al^al^s.^- <a*|u|oH <*J*J| ^^Tfl 3137H1 
^ui^4^>7^^ojol §71 nfl^ofl TflolH.ell^ Al-i-sflo]^^ ^^£1^1 



^) SoC -§31 ^(Full SoC Design Validation) 



SoC -8*) ^r-Q- ^V-8-7>(end user) °fl ^| «fl A>-g-S)fe W^SLS, Al^efl^- ^^^c] 5^ 0} 

fe ^^1 7l^ S^lr(^, *rH4|«H £ft) H! -S^ ol^^^o]^^ ^JIS ^ 

. Afl S ^ Al^^ol^, o^s^^ol^s-ol #7fl*M ^ &Cr. ^ Al^ol^ #£olcl-. e|« g.^, RTL ( Sll 

xl^E^ Sflt)^^]^ ^2}- Al^Ej^. «-^^dl AltVol §ol ^^tf. Al^-eflolAi 4f5L^ &#X\W}7) 

^Sfl 27fl2l ^ S>q-7> A>^-^Cf. S>t|fe Al-f-eflol^^. JiCf f-51 ^^Al7l7l ^ *V JiCf ^ Efl^o) ^Aj- (abs 

tractions) °]5L, ^ §>i4^r §>H.^H^ 7 }g.i$ £ fe ^1^-51101^014. 



^^Ir-fr A3A^*>5i ^A>-5>ijdl A>-g-£l7l BflS-Ofl, 7l^ S^l-, ISA(^^ ^1S instruction set arch 

itecture) SLf*^ RTL S 1 !*-^ ^ r *€i=f. ol^^ =S^-HS^^ SoC^l a!°1^. ^ =>1 ^ 

^l^rEflol ^ §^ofl^ Aj^^s. A^A^^d-. iiLB$lH <H#5l?llolAis.^. nfl fe 7^21 ^«q^ ^ ^fetfl, AJ^S 

01 3j-^*>3i safe^i o^ig >&^^i ma ^(dead) ^A>s r ^ 7 i«. ^^i-* ^<^i ^1^4. 

ojejjfloi^si ttji fii^tl ai^^ ^A>7l/jE.qEll- Ai-g-s>o) ^0.5. ^#^4. nelx4, Ai^-eflolAi 
^£1 fl-^AHss] ^#el?llolAi^- Aj*jAi7l7Hlfe ui^ tfle^i^ 10 Afoi^oic}. 



SV^^ol ^ i:HS^H7>^Al hJ-ai (concurrent way ) o. S Al^-eflojE^ m > . a^^I o] ^ (co . simulation ) ci] A 
^QA. s>-B$lH^ C ^ ttS £1^ ^ 5tU, ?i^l Al^efl^ nfo^ c ojol asn^ a^ ^ oicf. 

uf, n^^r efl t (implementation level) °H HA Q°-£L3, 741 ^^°1 °>M^, A*| Si ^ 

AV (feasibility study) °]A. HDL/RTL 7l#^ s r ^*lH =?-^&-±A AAAS.3, A^rJ ^^ofl ^Asfcl- 

. Al#e-lHAi^ oiA o vo^ HDL i^eflolEi 5^ C/C++ SS^i^(^^fEl Ali^^^E-121 5g 3 r <y&), 



^fls-Sl ^2001 -0067370 



*Aflfe ^ £2] *A]o]cf. 



§}:E.$.|H (Hardware Prototyping) 



AVo] ^sfltW. ^1 eflf 3* £fe SoC eflt £^£l -?-^5L ?A°M. *fll ^jq-SStMl aj^ 

^^^ife «]*°1 So] #^^3= ^51$ 71 g.«g=- (prototypes)* T-V-g-^ « 0 >^^ gjef. -fr-g-^ 7l 

#1-* FPGA/LPGA ?2 °fl-t-efl°l^<5]Cr. 



iLcf rfcll^l ^^1S^*(1, FPGA (field programmable gate array) 7}^-^ LPGA (laser programmable gate 

array) 7l£-^g ol ^ oir}. FPGA §J LPGAfe t>l^- ^oJe ?h£s -g-^= ^ ASIC^l ^f£7> -f- nj, Jit} db 

^-s-s. £fe ^s.0,1^^ ojj-^ HV<a, a!^ SoC^m 3^*1 FPGA it * .fiL^H aI-^ ^ 

^ $)J1 ^Afl SoC^ 7l£-«g* A}-g-3j ^ ojef. ojaj^ t^ZL ^^7>SoC ^ 2} 7fl & ^ ( re - part 

itioning)* -fi-^-S}^ FPGA1: 4if 3}S =gja„§. *>7fl squ^ ^§Hrtfl «l-g- 

4 ^lTiol ^} 



71 tfl^S. tfl^ ^1-* flsfl FPGA ^* *fl^s?M. 7^^ 3^ ^ ^ a^s. 

, 3 7)| OlE ^E-S-^ S.^ pfl^el ^ = 3.*H A^ES. ^1^-^-Cl-. 0)1^.^0)^ O. ^ ^^ 7 |. 0)l^-£))0l^ oj 

a] ^ Al^-eiloi^ j^fe ^ aj^^. ^ 014. ^*(| ^el^o,! n]^ ^ ^ £ 

7r <^ i^^cf. ^ cflolEi SE^r El|iS»!^l tflolBl^l Aj-tg-^ «. ^^Elofl S.= Sl^ ^H-Sflol^ 

^1?^ c] ^^^1^-. 4 v 7l «j-^^l S£ §>M-2l n^^l al-g-cfl ejef 0.5. o.^.^ ^^-eflolAj a1 



^74l7> t-i^- ^ nfl (multi - million transistors; ^ -^5l?j H^fl^iBls-), -^Afl ^el^ 71-g-^* ^l-^A-l a] 

ul^ns>fe ^ol ^AflSAife »^o]z}. o)b\$. ^%°\}^, Afl^ ^Sl^-i- ^-g- ^ 7fl2l 

tHnS-a- ^«fl ^^l^ol A>-§-« ^ Alcf. ^-^^ ^iM^H^l (fabrication cycles; Tfli A>ol 

#»)* *>fe^l, 4ZI-01 AOsg^ ^^1 ^1= 7 fla s Hl tfl*>ol Aj-^V al-g-^- * 7 >Al^r}. 

a>2l- £ol_ 7l#^r al-g-, ^ SoC ^^)« £^r^ SL3. EfliS§f3l « ^ 4^ 

Ai, JGL^iLS. B&*> Hl-g-AS SoC ^Til ^ Afl S o. Hj.^ ^ XVA171- «V £ a11 ^^l^ l!^-^ 



a Hj-tg 01 443I sol 7l^r, 3ol-t ?isl a o >^ u] ^^1 ^I^EJ Aj^ofl cfl^}- SoC ^741 ^^"t =^ 

5Ufe SoC ^711 «o v, S ^ =8-*l* 7fl^§ r fec]l 514. 

€ 4^ ^-^^ »am 7^fV Hl-8-o.S. SoC ^Tjl ^aJU- ^ SoC ^Tfl ^ ^ ^ 

€r ^^1 5E ^^4^ SoC^l ^Sfl 7l^# 3^§r7l *1) SoC ^74] 3*<>1 %A Q ^ (design validat 

ion station)* ^l^rfe-cfl Sl^. 
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MRl- 5I<H 7l^ Al^eg.^.^ IC(system-on-a-chip ICs)!"^ ^7*1 ^^ofl 3X°1*\ ^7fl5l ^Sl^-fr 
*WRr 3^ £fe ^1 7)^ ^ * ^l^^cf. ^. ^17> SoC^ ^ 



4. #71 <#U^r S<H Tfl^Hl 5l*fl *fl^ Z)-Z}-5l =,o)5l IC ^ Al^- E flolAl Efli^^^s.^- A>-g-^M ( SoC°fl 
^313 7flt soil-* 3**Kr ^711; SoC ^Tfl^Hl ^sfl 7fl a| 3] ^ J= ^ *1 #4 S*l ^ FPGA/^1 # 

3.6] no]vj3!\. SoC Bflt El-ol^J ojT^l 3»-§- ^^Rr #7)1; ^ £*fl SoC ^ ^ # 5l ?fl °1 ^ ^*J^1 ^1*^1^1^. 31^ 
S^l* A>-g-6->^ ^ a^ ^-Tfl* iE^4. 



-a-^si 4# soc^ a^^i ^ioi4. a o > 71 Af-g.^ <?iBi3iio]i^ji ^ ^^-a- ^ # 

#7% ^«H^7l v)]o) Sg^, Pflo] Al^^ ^^EjS-f-Bl^ Efl^Eafl^ c)] ol ^ ^Al^-j, SoC 

tK=S] 71^ 5L°]^ FfliSS->7l 41*11 31^^ Cflol^l- A>-g-*M JlAE Sfl^-g. 3 
* -fl-bJS, £ ^HM ^ Al^^ ^^Ell- OlEl2)loli§>^ Al^Ej Blif i^>Cl-. ^. i^Tgol 

Xi^^i, CH*S1 ^el^ ICS ^ f^fS^ElSl EfliE 3fl^ ^A]*}7l 41«fl ^ofl ^^SlJl ^ ^-^4 

d11?1 Ai^Ej ^^on 5l*ii ^7>« ^S^^. ICl:^ SoC<Hl 71^ 5i<H«4 Ml^- 

^ 71^* 5L^^-4. 



^"^^ SoC ^7)1 ^^31 *H1 £ 2°fl £^1S1<H 31^. ^ ?m ^^1-, 5^" S^ 1 * 

Aj-i ^75}J1, ^Olnj^. ^^S}^, 21^21^ SoC^l ^Sfl Al^Ej ^^-A ^a«>^ 4 TQ 71)51 Al^^! ^ S >* S cflS 



^"711 S31°ll7i, *|*Hr ^l<a ^7-1 ^Sl^ IC S. W ^o] y}^ EfliEtfj}^!-^ A>^-§1-^ 7111 

cf. ^ cf^- cj-741 S32^l7i, S^l-g- FPGA/^ll-ell 0 !^ ^-^^r A>-g-«>ol . ^ ul^o) 7 )^s. ^ # = 
s.^}^ 7>5i ^s: ^-g- ^^1 S33°1H, « 0 i-^^ a<H .^.a&i -f-Ai-g- ^^5)101^ E fl 

^S«3!a1# ^ SoC ellt ^7^1 ^g^-i-* Ai-g-sl-^ so^l-51 Efolty^. ^^^cf. ^-7!) S34°1H, ^^1 SoC ^^1 ^ 

^°1 ?1^1 7l^ Al^-eflolAj ElAEM|^S|. Al-g-^ 0]S.?) 9 )}0}# i£S fl^f ^^Al?J 0 | S^^l^ 



^- U^^l *flSf Efl^H Al^Ejo^ ^ 7 >^5)-( EDA ) ^^31-51 &7im £ 3^1 £7-1 

€ #*13. ^-«?icf. S. 3^ ^ #-¥-fe SoC(43)2f ^-£^1 ^1#«>1 CAD SL^^-i ^Tflslfe EDA* 

5LX\® $o]r%. £ 3 5l ^ r>}^}*\, ^ ^v^^ a^^) ^^(50)^ ^7^1 ^^(50)^ SoC^l 7fl 

t 3«lii ^^1 wViEx-fl IC# »^ oVqsl Efl^e ^ SoC (43)^ ^Tfl ^^A^ A^>g c flo)E] ^ a^^) 

cfl°l&l!- scfls SoC ^7)1 Aj^j ^ 
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o] aJaHHa). SoC(43)^ 7)^r S<H*(A, B, C)* i*H5RrCfl, si 4a3| S.a)s\o] 91*}. EDA €-^(4 

lH*l SoC (43) # €31tb €31 cflolE^ 2^(45) 31 Eflie ^ s|-€(53)°l 4°<M c-IHe) ^ ^ 

*«fl, €31 ^l^l^(45)fe €31^1 ^5^1 ^3 *§€*rfe zj-zj-sj ?ll=>lst M-Ej-lflfe #5] eflt dH&lig. 

»3 sflt EcHs, SoC(49)7> «KE*I1 IC 312: ^(€e)^- ^^cf. -g- 

l^oflA]^ SoC* 3^ E|iS*}7] iLcfe 5i<Hl- A, B ^ SoC (43)^ 7flt 5I<H«-8r tfla*>fe § 

A IC»°1 *t 31 ^^(50)°^ Af-g-^cf. 



SoC^ €31 #31* f-sfl -fr-S^l EfliS cflo]Ei(53)« ^l-g-s-l-o} Efl^E^I^ (54)0}] Sz i Al^flol^-j- A]^eL 

S*), aflfiSZL/VCD 2r€*r ^<a(55)°l ^^€4. 7flt ^/3E^r SoC^l a^Jo} 

^ ^31 iL^ «>l*>ofl u>2f ^-0], VCD ^€(55)^ ^H^lfe o^e ^ o.^_ s]c4 o|r}. V CD 

4^(55)^ ^H^fe ^7)1 ^^(50)°flAi o]«flE ^oj-i-(58)S. €31 3^(50)^: £ 2^1 €aH1 



€31 3^(50)^1 71^- 7-3^2] o4^}7} 7fl (co - development/verification) ♦ 31 

sfl S. 4b^l 7fl^ofl £1a]s)o) °)4. 433] 3^(50)^ ^liEi ^1#^ ^°)1 al-51- 3RAj:g ^ oj^ t^o) 3^ 
-frb}# (VU)(66! -66 N )* 3.^4. -B-^l-(66i -66 N )£ ^7>^ SoC°ll tfl-g- S<H#(A-N)^ 7]^ 

21- Si j£ ^2:* € el 5 IC1- (68 , - 68 N ) 31 

ofloi a]^ CPU(62)fe 3# €^1-21 3H€cf. A 1^ 6 J CPU(62) 3l -8-^*(66 , -66 N )£r *1 

^ w^(64)» *sfl ^^t}. Al^l-71 ^ofl, nflo] aI^eJ CPU(62)7> ^z|°l S<H#(A-N)Sl ^31 

^3lS.-¥-El ^31 ^olE^( 61 ) n} El|iE^^ dlolEl(63)^ 31^-^lcf. 

€31 ^^(50)^ S. 5°11 C| <5M|*| £Al5lcH Si^t-ll, -371A-1 ^7)1 7l#^ S.^l-nV^ fl^. Cf^o) A^^| ^ 

^l-CDVS! -DVS 6 )S £€E1^ ojci ol oj^)^ ^ol^ (A . E ) ^ SoC7 |- ^7,] Jg7> 

Slfe 3lol^# £A]^- 5Jolcf. 0]E)^ AjAH)o))A^ 7l^l^-(DVSi)^ " °> iE l A)« EfliE^}£ 

^- ^r-A^ji 7l7.1^-(DVS 2 )*8r " HS/H]Ai 5?^" ( S <^ B ) S. E]liE S } £ a T»-^S|al. 7l ^1 ^ # (D VS 3 , D V 

S 4 )^r " 7l^ S.^ ^o^s." (^<H^ C ^ D)-fr ^Aj^ji^ 3 ^ 7l^^-( D VS 5 ) " ^S.B\ 51o]» (3.o\ 

E)« ^ae^ £ s ^€€c}. -B-a>*>31, 7lxl^-(DVS 6 )^ SoC^l - sa?" -i ^l^S*}^ ^a^^c}. ^. 
^°flAi, €^^3 S^*(A-E)-ar €31 ^€ €el^ IC»(68 , -68 5 )S ^-^^^cl-. 

J£ 4a ^ Si 5°fl ^€^1 h>3}. ^-o)_ Al^^ o- 717-1 ^2:(bus based architecture)* S^cf. a^ej ^i (64 

)fe 3ME171- o)l<y Al^e| CPU(62)S.^-El -8-y«-(66 , -66 5 )S a]^^ ^ 01^] ^ VME> VXI> £ - PCI 
^ €°J ^^(industry standard bus) € ^ 91^. *}^*$ A>-g-^}ofl ^ oict s > A ^ x> 

7fll S<H#(A-E)^ €2l€-IC»(68 1 -685)^1 ^#^^1 nl-Sr ^-^(VU)!-^ UliS €*^r ^fSf§ ^ Si 
el-. €el^ ICl-CeS! -685)^ ^ °^SSMi 9? ^1 S£ Ji = l-(69i -69 5 )(*1^> " ^ €^1S^H^" *J-)ofl 

£ 5°fl n}s\- go), y^2\ jS.-zlM-CQ^ -B- 1 ^)^ 7fl^ * SoC €31^ JZ^A^ ^ 6 f^ef cfl 

a]^ €^1^ sol«-(68, -68 s )^l tflt} Al-i-eflol^ tfloiE^ <^s.e| ?1 )oiA| i o.^ V ]m, ?m ^^/^^] tfl 
€ tf^tV ^-^€^1 =i 3) #^ (scheduling)* 3H*Rr 3H CPU(67)» i^-^^. 3H CPU#(67 ,. 67 6 )^r Ai^L 

Si^. 3H CPU#(67!_ 67 6 )-& 9t® €^£^(54)^. ^ ^o] cpU o)] ^^^14. ^ 

fl€ €31 3#^-(DVS 6 HAi ^7)3% *^(75) ^ #7)1 ^(arbitration unit) (76)^1 ^1^ €^eJ CPU (62) 4 € 
31 ^^€-(DVS, -DVS 6 )^ 3H CPU#(67 t . 67 6 ) ^o) E i ^€€7171 31 -^^cf. 
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4# ^ofl 4^ CPU(62)fe 7flt E)lis|^] elHEi(78)-i- 3,7}^%}si HH^l* 4^ 4 

bil-Cee,, 66 N )^7l] «-«ti44. "114 4^5 C PU(62)fe 7->-§-^V «lE^|o]i ( ^ ^.g. ^ ^s-oflAjoj 

iSSfl'i 4»4?1144 ^ 4* -frbil-^ 4# &«fl *|<H» i^Rr ^7)1 ^^3) 441- 7^*14. 4^ 

4t11 ^^^-(DVS)^]^, 4# 4^(VU)(66)-£- ^4^ tfl-§- ^e]s IC(68)S.^ slliS 1 !!^ 3144* StflS ^ 
€ EliS 3144 45*}7fl, 443 4^ -B-bi (VU)(66)^ 4 1 Sl£ 31^*)iM ^£)^t-il oH cfl^l ^tg^ 

7l#« ^44. 



3fl€*)^r £ 5^1 ^ 4^3L4^1-(69)-a: DUT<H1 ^-§-€4. * -aaiSS^^l-{69)-er 4^1 
^IC(68; DUT)^ 4*1 ^1-4 3l^S #4477.5. ^444. Jfl 4^^5>l:i-I-(69)£- 

4* -n-^CVU; 66)4 ElliSl IC(68) 43 o] B\ s\] o| as oIe^I^ 3}5# ^444. *<4 4 

4^ °]E|3)Hi 3}5.fe a^ ovqef §>4 0)^-2] ^^cf. ?*7]fe DUT4 44 ^ofl 

UliS sflli* HlS7l(£Al£l^) S^)^ DUT3 #4* 5t4 tila^. 4^ iL^-Jr E)]iH f^] 

DUT* 4 Til 4 ^ 4*4^ 31 A}-g-<a4. 



711^ fS4*3 4 ^(Verification of Individual Cores) 

£r tt^^H. 7fll 5i<>|s. (A . E) ^ <^ 7fl « 5lo]s.2) ^e]a IC1 . (68 j -68 5 )°1 74-g-^cK °1 ^^IC» 

(68) 2]7->S. fi^ o Me |. cr,^ ^71 S^AfS-ol] J£ 4 ^4 -2-5. 7}-g-<a4. ^ A] ^,2- £ 4a 2]- 

i 5^1 £4^} o.y (66) ^ D) )3g § v £ s *fl^<£4 g^g. 0^ 7fl rt =70^3 Efl^S'ffl^l-ol 

442} <y#^ 4iL3- 4^1 °ll ^1 7-1 CPU (62)^] 5J=:gl4. 

Dflo] A ]i^ CPU(62)^ .24 4 ^443 4^ 4^(VU; 66)-^5. 4^ 7fl^-^§i ^o^ CPU(67)# -tt^?!- 

cf. 7-1^^ a^^- 7J-S|-S>7l ^«fl, 3^ -B-y (VU; 66) ^ x\]o] CPU(67) tflTj ^ ^ ^o] CPU(67) M J- 

^1 <L5Z. #7} 7fl^^ ^ SI^-* ^*B°m €-14. t 1 ** £. 4a4 £ 5°1| ^]^^4 2]^^o)ji a> 

■3^?] (enhancement) -ildl °1 °1| rfl^V 41^^ ^§T«4. 

=H4 oj^^s.^. Sc fl S . > ^-Aj 0.^(66)^. 2 N ^Efl^ 64 2567114 A |. 0 ] ^cjoilA-m ^7fl^- ^ ^cf. 

4^-^i5.S ^-71 ^1--^ ol«5E tfiEl ^^#o]31 ^•^•/4i2 ^l-g-^4. i 4b4 £ 5°I1 iT.]^ A]^^^- o] b\ 

«- ^#4 7))^ -a- «1-8-*hja 7flt soli: 41^1 444. ^-^4 ^^1 4^ e J^ £ 5^1 £7.1^ «> 

4 £4 *>44 IP £^ 5i4s. 44 ^slfe 44^4 4^ ^4«(66)s ^^4. 0)-^, 4^ 7fl ^ ^^ofl 

, VU(66)7> ^i-§- (dedicated) 4 1 3H 7l^i Al^egol^ o^^. 7l^j A]>;tJ^ ^31^ «1 

4 4-«l #^ *)1 09/406,300 " 4^^ 7}^ aVi^l >Hl^H 7-1 ^ rj ( Event Based Semiconductor Test System) " 

°H 4#^)^ 431, 4^°11 444711 444. ^-44 ^=14 4* -B-bi(66H ^«fl 4#£fl44 ^oIe^ aia 

€ ^ ^4 444, (4tt ^ 44* ^14-) ^4^1 4^S 4^ 41-51144 «)47> ^4 (44^ IC; 68)°11 
4-g-* 4s 44. 

S4 4i? ^ Bl-ol^i ^^chi oio^A^ nflo] a]^^ CPU(62)fe S'H 4#^144 Ell^S^l cflolE^l- ^ ^ °-^( 
VU; 66)^1 71H CPU(67)°11 ^i 1 *^. 44 ^o]e^ ^4^1 4^1 - 4l5flo] AJ tfl^EHll^olcl-, Aj-7] cflolElir 45. 

^4 0°s.^e1 is is.-¥-4 0-^-S >d4€ ^^1 ^4#, 4^^ 4^-1 ^ll^s 41*f4 ^«fl 45 

e+oi^i i^-44. 444, €A SiJi tflo)E|7> s<>| ^4^(68)^1 4^-€4. 

31444 4711 41-51144 314444, ^ 2<H7} 4^-^10)^^ ^sfl oj]^ tflig. ^Sj-^Tfl 4^^4. 444 

^^5144 4^(66)^1 71H CPU(67)°11 £1*11 «1S€4. 4151144A5.^-4&1 <Q2)S) 4 4" (deviation) 

4- 7fl<H CPU(67)^1 4«11 4t?14. 4fe 4^ 4^ (VU; 66)°11 5i4 IC^l 4^31 •2.^-7} ^7fl^ oj.^ ^4 o] cl-Tfl 

SoC 5flf 4 Til 4°11 4^ 4bi(VU; 66)^1 tfl4 514^1 It 44^ IC* 4t11 44. 

£t ^ « 0 V^ «1 Aj-^ l7> Af-^-7}^ Sfol^- *}7fl 4^s- Ji^- C4 ^Tfl 3_o]2] 4^1^^ 4 4t11 % 

•i- ^4-3)144 44. 4fe -& 44^1 4* ^li|£] «44 ^4 4t11 4l5)ic]^ §.7^^ ^<^ §l7 | nfl^o}^ a o]«t[e 
7]t1 cfloiB]* a>^.^ eda ^-4 44 ^€-44. 
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3^ -ft-bi (Verification Unit; °1 'fflS 31^) 



t^°fl Sa°1^ 3^ ^(66)* EfliEi^ ^-^^C}. OIBJE EliEjSl <g 3] 7 } 5L 

6* ^S*H Tl^M ^^€14. ii4 #41* ^£ i-fr^- 4 V *€ ^ *)10 

9/406,300^:, " olSSH aV£^l E)|iH a]^" ofl 7l#sH <&t\. o^e ^bH^, tfl^s 3fl^^- 7)^ i-yjE 

*i E)]il t-flolE^) olo^ Efl^E °- Z>Z>cq 3) A)-C>l-i-ofl ^ ^o)r$ Z\]o]B\ t 3|-*g 31 °1 ^ ^ ^ E-) tfl E^ S) 



J£ 6^1 ^HH &<>H, 3^ -B-y (66)^ ^--B-y »1i(63), H)^ «1i (85), ^efli a^a^ss), ji^v d1|£L£]( 

87), ci^as Dfls-eioo), -B-y 02), ewg ^ -t^-a^ ^(93), ^ ^ -B-y(94)°ii 3 

^r£! ^-bJ 71^. ^=^(83)4 jflH CPU (67) # 3^ -a-^(66)^ ^ f-*fl i&<H-I: 3. 

Wfe IC(68)°il sflfl* ^€4. 

3* -n-y 71-1=- ^^Lci(83)fe °fl?l CPU(62)7 r a^ea b^( 6 4H a} en ojHJjlAf ^a]^^m| ^z. 

-B-^#(66)* t 1 ^* =r 91^ 3^ -ffbi (66)S1 ^1 1 ^ (identification) * -&<^7l ^ ^o]cf. tfl«. u^( 8 5) 

*}S.^<H olSlH Efli^Sl tfl^ol^, o^trefl^ Al^Ai(88), 51^ ^£.e)(87), ^ «fl ^fl -n-b}(92), Efol^l 7>^-S 
^ i?||<a*y S3](93), ^ oIbJe A|Aj 0.^(94)4 ^ cfl^-&Sl 71^ 

«>2} ^-o], ^o^ CPU(67)^ ^1?1 ^1^^ CPU(62)S.^-EiSl 3.0] e||ae«J^| ^0)^1- JEtflS. -ft-^(66) 
$ ^ 7l^ l-^-S^lTll ^#-8; 31 AJ- n)l£^(87)^ <>li=efli Al^Ai( 8 8)o1] ^ *fl ^fl^ cH^efl^ A^ 

sf #^1, HlS7)(£Als]xl ^)S^-e1^ o\ ic (68) ^1 -H^ ^Ji4 ^ ^l^H 7l^t}-cl-. 31 Aj- 

^JZ5l(87)°11 71^^ Aj^^ ^^#4 SoC^ ^ ^^Hl A i A >-g-^cf. 

olHelli Al^A^](88)fe fl«d!H ^lS-eKgO)^^) 'Hs^li 3)«>1^# Afl^-tl- 1 ^. c-l'fflH "113.51(90)^ ^-^h^l ^^^^1 
^ Eq-ol^ c))o)e-|1- 7l^^4. ofl^. l-ol, oj^B ^lael(90)fe 27fl^ olaflH efl o] e^|1- 71^^ 

§>q-i- nj-^Ei (^) ^- Afol^o] A^ Hflo] ^.o]nl dlol^l- 7l^*>7l ^ ^ ^0]^, ^ g>u)-ir 7]§ #^ 

^ ^> A>o]^o) ^(f raction ) afe ^0]^ cflolEi# 7l^§}7l $o]t±. 

«>^«l-7)lfe, oi»ns nflaei (90)^1 31»lEi7l- 1^.^- pJlael -g-^-g- 7} ^€^1-. ^ *M -B- 

bi(92)^ B)laEl(90)S-¥-El *Hfr3 CflolEll- ^Al^O^Ai OJ-^ ^.^ ^ol^l IH|0]E11- AflA^Aj^ 

. «il^l E]- 0 !^ 1 C-)l°lEl^ Efoj^l ^ i^]^^ S^(93)°fl Afl^T}. 



Efol^l ^ i?flo^^ S3] (93)^ °llfflH ^lS.£l(90)^^-E^ Ej-Ol^l cflo]E]* ^Afl^ ^Aj^- 

Cl-. Efol^l cflo]Elfe ^^flSl EfoJ^l tiHEi!- o)^ El-ol^l dlolEiSf ^a>^- AS «) ^ ^ o^rf ^o]ol 7f^S 

tt-Z El-fl^l ^olEi(Z)-Zj-^ ifEf A)7j i£fe ^rfl AlTj-)^) ^?1)<y^ ^E]l- ^itS*) oI^cH^It^. o]«j}E a| 
^ -B-bJ (94) Ef-o]^ 1 ^ 5.^1(93) Al^l Efolig dlo]E}l- 5-7HS ^ A] 7> oJaflS AjJ^ 

* °MS -B-^(94)^ € ^^^^^^^(eg) 0 )!^ Al^s. (Efli e All^-^-iq-. 



<aE-1iE]loli. -& - ^ ^ (Interface, On - Chip Bus and Glue Logic Verification) 
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^•»* -*W}E-=f i2<>1 ?]^a.eflc.)El(SoC 3*11 *oMb v 333 ^)1<&3-. -*7] 33^r <y#3 

JL3 " 33" 33al ^3. S-f- 33^ ^-g- ^7)]» ^333 #33:, 3eoflfe m=3-€ FPG 

A (field programmable gate array) 3 333b 33 * 3333 #3. 33 ^-o], <g7fl3 7l#ofl & 

33 3^ 3^ #3 331^3 #*i3. 



33€ U o Vl £3 333, 33 33)2] S3] 3** 41 « "8*1 3^, (DVS 6 )°-S. E. 5*11 EA)€ 33" 3 

3^3 0 }jp-«H £3.. 3^33 ^ o. c^jq. ^.tj.. 



(1) SoC -°r- 3 tft^l- St^*>7l 3«fl 3E 53 E^IS 33 £3 33* 'gem IC#(68)*- ^#«Rr #3: 3# 3^ 
(71)» 3~g-. 3"3: 3# 3^(71)fe -Sr- 3 3^3 W"gr Et^Rr 4°^ S3*(A-E)# ^*Rr 3^ 3^ 
33. o] u^fe SoC ifl 1 t(«m^l s3°fl3^r-3 3^ :S33)°f|33 ^ig ^ 333 J:** ^7i| 3^(333 
3* 33-^3-^3 c^g. ^ 33^3)333 ^ ^ tflolE^ *#iL3 nfl^g^cf. tcj-EH, 3 3^fe 7fll ^3#3 

333 ?l^3flolis] 333 £^331- #3 333 SoC -8r- 3 3^3 333 j3_37*3 S33-3 



(2) 33" 3 - ^liEjofl ^-s. S-a)-^ ^-^Rr FPGA(field programmable gate array)* *>-§-. 3# A % (altema 
te approach)^: - A]^^^ #i=L 33* ofl-i-SlHS^ 7jJo]3. 2 7>3 7l3# a.^ 7 > £ 74 £ 8°fl 33 

E333 satf. 

S. 7* o 1 i^-efloiE^ 3.0 _ 3^-g. 3334. 01 7l«a^-H. 333 a o v<^^ ^§eflo]El 3^3 a>-§-^ ^ oi^_ 

S. 7oflAi, 3#333(72)fe #^f- 333 3"3 7 ^ RXL ji). g = Bfl^S^^l 313(77)3 31 3 3333 

f-3] 3E^3-. ^ 33 3 ^Tfl -fr^l-^r -a-bJ#(66)2f^ 3^1^! flSfl ^-g- ofl#ellol&|^ ^ 

^€4. CPU (67) A l^l CPU(62)2r^ ^ -f-^I ^t-fi: 

£ 8-gr FPGA ^e-i- EAlf 5Jolcf 6}^^. ^^.^ oic^, g.^ S3 i FPGA(73)« Af-g-s>o} ^Je| 

ip SEfe ^o^^ FPGA(73)» ^^^4- #t 3*H, tfl^ FPGA°11 ^«(1 SoCoflAi ^■^Sl'S, FPGA(73)fe tfl 
FPGA(#^- 33)^ i^H. -g ^-(stand-alone) ^^w^cf. FPGA(73)fe ?^r^ IP3Ai a>^-s]ji ^-g- ^ -O- 
bJ(VU)oll «-^^4. 

32H ^§ ^Tflofl o^«fl SoCoflAi ^^5]^, #-f- 331^1 RTL-Sr ^-g- 3^ ^"^o^lAi A>^-E]^ i^H <S§- FPG 

AoflAj T»-««tf. o) ^^1, tfl-f-^o^ Al^ofl FPGA^l ^E7 r SoC^ 3^34 -e)4. Hrel- A 1, 

(dedicated) -frM^r ^7}°| ^7lS)- -8-^ (75) 4 «^ #^fl -8-^(76)* €-0-3 «-t}. i^fl ^£ ^^ji ^ o.^ 

^ ^3fOl oj^^ rf^ 0.^3]. o.A>%V oj o^o^ ^ o.^^ ^oj^ >rf 

Er °1 "o 1 ^ 1r (Timing Verification) 



7flt MO^s^ 7l -_ ojE^lo)^ ^ #ip- 33lol Efolnj ^^o] So C efl *t ^7^1 ^3»oflAi ^A>^cf. £ 

^^1 31 1? 32^ s}-3 ^:ofl i SoC^l 7flt ^-^-#4 ^^o) a. «}-^o) ^3] ^^^a^ A>-g-^^- ^s-^o)^ 

-f, si<H» 3313- «fl ollal7> ^Ef^fe <£ ^ sa=r. 



fe 3^ ^ SoC eflt A]^-aflojAi «jEi#^ Aj^ §fe ^jo] a>3a-3j§>cf. a o > 7 ] a^^. o 1 ^ > SoC efllg A]^- e fl 0 ]^ 
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L Al#eflolE-|S.^-E-1 as.^ vCD(value change dump) a}-£-^i4. 



^S^l «!e11-^ SoC^ ^-Sr** ^*Rr SoC^ 4°o^ El-oiig <g7fl ^a]^. A J~ 

«-ol, -g- A] ^7)1 S^SJvg. SoC^ ^ Jl^#^r Efo)Tg Al^tflo)^ tl]i<=tfij 

SoC SEfe 31*11 ^Tfl (Verification of SoC or Overall Design Validation) 

A]^ O.S./^SH SoC 71^ ^ 1-5)1 SoC Bflt 71* ^B^-O] 433) ^^-O^ 

^*S€cf. 2*1 ^"71 *j£ll-fr °1 *§n°M. SoC ^^(«)|^SZIA^HDL RTL S-t £fe £t)«ll^1 ^^Slfe 

« -^aI^ss. SoC W£ -S-'tM ^ £3 €4. 

<H#e|?llol^ H^afo) C/C++ SH** ^ *><>l 511^ £)<H SiTiq- o}^l ig^jg. £M ^-g- nfl. API(applica 

tion program interface) ^ PLI (program language interface) A £ 9°fl £ A 1€ w>^t l£ 0 l ^1 741 ^1 *?1 A l ^ 
^ CPU (62) ^ o>qeJ- °11?1 a]>^ CPU(62)°H #7l = 3.n«^~g- *L^\7] flsfl 



°1* ^*>7l 41*11, t>fl°l Al^Efl CPU(62)fe (£. 5 ^ 3E. 9°11 13 -BPS H^i 4# 

S«fl >)H (multiple distribution control)* i^tH}. "lit! CPU(62)fe ^-f-e) ?11 °1 ^ ^-fr A 1«.- 

§-**>^. *11 ^ (schedule), 711* S^*^ nflJgs]^ ^-oltl -B-^»(66) Tfl ^a..^^!:* m 

^>£S. ^^h^^o]^ 31-^(^=e^cH c^sel^ c]^)^ cfl^v - i3(Fork )» ^*S?14. ^-71 " 13" 

Bim^Zi/VHDL a^r ^J^H C/C++ §>o] 5))^ ^ ^^ej^o]^ 4:=^^^^ tflg><^A^| 



°lei*> " S=L" *^1- ^^1, A}tL-3}-<31-,g. A)ie| tf|i(64)lr #«ll 7fll ^ -n-^*(66)<Hl?ll S-afl^c}. »H CPU( 
67), f^fl -n-^( 76 ) ^2 -^-^ (75)^ ^1?] A]^^ CPU(62) 7flif ^-^»(66)^ *IH CPU(6 

7)S£l *aJ ^ oflei cl) o] ev| ^.g- SJ-g-ta-cf. TlH CPU(67), ^7fl -6-^(76) ^ ^7lS}- -8-^(75)* 



^a--^<a ^715., CPU* (67)^: ol«]}E 7lx^ «3]El#g- 711 1 S»l«oll7ll ^-g-Al7lal n^^-E^ 

t^JM °1 -§-^* ^1^ Sife cflolEj #]«fl 71H CPU, #711 -n- 1 ^ ^ *7l s\- -^y* CfA] A>-g-«r>^ 

n)l<?] Aj^tJ CPU(62)°ll7ll "fl?l Al^ej CPU(62)fe " <a^(Join)" ^^f* ^*S*>^ -§-^## «S 

*fa. SoC eflf -g"^ ^A^^ Aj-7) -o ^ SoC7 } ^^^V ^3]-^ Aj^j 55^x1 # ^^*>7l 41«11 Al^-Eflo]Ai -g.^ Hi 

?H°1^ ^*S°1 ^^1 Hefl^Sl t]i»5flols. o> 7 l^> 7 fl ^cf. ^^ol o]bJh 717-1 ji-fj- AjTfl «-^4 53 °1 ?1 nfl^- 

o)l Al-i-Eflo]^ dlo)E^ afe 011*^1 olS^^ol^ ^^o^ ^ H cpu^ofl A^^^^x ojjxiqo^oll <m 

^711 CI^^^C}. 



jl^ Sfe- Aj Jg- (Fixture or Performance Board) 
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-8*1 a<H#(68)=r 5-^ 5L^(FPGA)ol o]E^)o]is}^ a^ i£f |is #14. £ 5 tfl 

*1 £ 9a] ^AlofloflAl, .£ = Sife ^¥ M.= (69)7> iEl<4 (7434 <>] <StJ| ^-f^(DVS)) *W *H^t4. 5L 10 

s] ^5L±± ^ flHi tfl*> cf^ oj^o} ^olr}. o] a] ^ ^aH^a], aj^ ^^( 90 )fe 

aLo^s. ui # s ^.g. sc^cK ^^B]-i-(95)^ ^ -fry (66)^ -gel€- 5i<H( 6 8)# ^*fl a a>o}^| ^ 

^?H4, 



SJ= (90)^ A% 5|S J5LS.(multi- layered printed circuit board) °J *2fl^ Hfl^E^ iLE.^ nfl 

■f 4r#*H4 #7] ^ir i^(90)fir EfliEl ^ JSL-E.^ *\°}^ Efl^E] Aj^. iLJ= 7 | .0,3] s^o] DUT ^r^- 

i-g-s}^ n)-, «}-^<2] ^^j ^a^o) a o v 7 ) a^ HS(90)fe S<H*^ Aje]s icS-(68)3f 3.aJ(FPGA)-S- 

£ ll^Sr ^^l 3* 4rbJ«-(VU)<>l ^}9l Alifl ^^E^ofl S]sfl £|$ 7)HS]fe *t7fl 4^- 

* £Altl ^Olr]-. 0 ]i\^- ^AHl^A^ ^A]ojl^o!)- E], A^} ^^o] ^ C pTJ-i. 5Lf^7| °4j7 A] ^ 

^ a] i (64)1- *«fl ^1<?1 *]^<i ^^^(62)^1 SH*b =H3 TlH^t]-. 14^, -^7lS|-, so^-a] -g-^ jg7>, jg 7 ]. 
, ^ ^a!1 SoC ^7} -§-2]- ^ 5L^ 4^1"^ ^li'S ^^^(62)°11 ^*(| ^*g€<4. 

^H]7r JEA]£]jI 7l#£]$ixm, #£jg ^rgo] E? } SH^x] & 

£ zj-zj-s] 7l^ t 52<4« ?>Sl 3^r, 9? 3*1) A^ofl cfltF SoC i§7fl 3^-°r ^ Sife So 

c ^^1 « 0 >^ ^ all**!*. 

£th SoC ^7fl =r- xi^b SoC ^741 ^ ^ ^ 

£^r, €■ SoC^ €^1 71^ ^^«|-7l ^«fl SoC -iTfl ^^o] ^«fl^l^ >g74l 3^-§- ^1^^. €■ ^-^^ ifl 

>8-a<H Al^^.^.^o^ A^^ ^jfloj o^^o.^ «fl^§>^ Afl S ^ ^741 ^Sfl 71^ 

^ ^ ^1* £ ^^Aioj) A|^^ a^eJ nfl-f J-^-alol^l Hl-g-o] ^71) <y^^ o]^ Al^ejsl 

7l^ OS. #01*1-14. 

€-1^*1 Al^Eflo^ ^Tgo) Al^-^o]Ai ^7^4 ^CJ^V 0 }HflE l^|o]B)« A>-g-^ EDA $7jo]7) 

°fl-gr°11 ^- ^-8: *>ol^- ^7fl Al^^s. ^t4 d -tiTfl SoC^l 2olf£] ^^3.^ T= ^Tfl ^-tf. 

(57) ^^Ffil ^fl 

1. 

4"r^l 7l^a<>|s.ol ^^51<H ^H#^°H 717.-1 SoC(system-on-a-chip)2l ^Tfl ^ ^ (design validation) » 

a«H 34 *t;> (core provider) °fl ^«11 Tfl^-^ ^i<>l 2\z\2] -^el^IC ^ Al-i-eflo]A£ ^1^S^^1# (simulation testben 
ches)-°r A r -§-*><^, SoC°11 ^ *\ « 7 fl t ^<>1 « ^^S>^ ^7^1; 

SoC ^Tfl^Hl 7l\*k& A l#sflol^ E|AE«j^| S 4 §s S3] (glue logic )£] FPGA/^H-eflo] ^(emulation)-!- A} 

-8-SW #7) 7fl« ^o]s. ^.o] olE]s|] oji, Aj- 7 ] ^ Hl^lr^n-chip buses). ^ S^t 3#3-Rr 

^7)1; 
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5L°] . . 51°) o] tQ ( core _ to . core timings) 4 SoC 31 1 EH xQ oj ^ ^ 3 ^g].- ^ . 

#*(| SoC ^ ^(application runs) ^ ^-g-aflol^ eH^S.^*!* A>-g-S><^ ^7)) -ti'fsRr 

#7fl 

» £«*rte 3^ « 0 >^. 
3^ 2. 
^lll^l XI ^4, 

*tfl*<Hl 5^4, 

^Hr^ 3^ -B-^l-* -8-71 7flt a<H§oj ^-7] ici-oflTfl Jfr^ 3^ #7i]»°] *§*f)*ls|, <#7] 3^ 

-B-M*2l E|)iE ^-s-o] E)]AE S ^V 7 ) Aj^s IC =-o} <y/#^ ^#3} #€*W T^^lfe i§7fl 

4. 

^ii^Hi sa«H-H. 

71 3^ €3 ^ o]«fl Efl^E s)!^^. 7l^*Hr <>1 «S £ rflig. Bfl^e JgJg 

Sfe 7l *| ^Sjfe- £*) ^ 

^T 1 ^ 5. 

7fl4*j-^i sa°H. 

#7] 7H« SCHI-^ ^-71 Al^-eflo]Ai EfliH ^^) 7r olsflE 7 ]^ cflolE] i^-fr 7}*M, ol o]^E 717-1 E]]^?] 
-8-71 ^ ^)4fl #7] SoC2] 5LO]6\) flo^Sj £.ftt]V\ZL& -g-°)§Ml 3^ « 0 V«j. 

^T 1 "* 6. 

cHr^ 7l^^cH*°l 5Ufe^4^ 7|x-l SoC (system -on-chip)^ -gTfl ^^^tF^^^l Xi<>H. 

SoCS tfl-S- 3^ ajs 44 IC ## <$>a* r fe 

3^ -R-y** 7)1^h>j7 440) ^> 7l 3^ a o v 7 ] A> 7 ] IC 6)| 

A o v 7] i2.ol« ^^r* fl«B a 0 > 7 ] SoC^14 ^7)1^1 ^. ^ ^i(on-chip bus)* 4^ ^ # ^7) 

Sfl^^l- -S-71 ^51-2 IC*°fl7l| ^-8-A]7]jI A 0 V 7 1 ^c}- £ q E-] ^- AS.^ ^7) SoC^t] ^ 
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^7] 5fl^S-^r 3.°] *fl^*HI Slafl AUDI'S Efl^EBfl^) ^|ol^* Aj^fos^ ^fl^xr 

-a 7*1 nro. 

^l-elHEH 21*11 #7) ■yEisllc.)^ ui saj^ °fll-elH e#o.^m| # 7 ] SoC ^ ;^<g ^ sa i A j. 6l 

si oiBi^oiii- ^sHr d 

8. 

FPGA (field programmable gate array) S, #7} <Q-£\3\]o]^ n] §=L 3.3} 2] 71^-*^ ^«L*h°3.*| #7l SoC^l ^3 

* a<H* ^ 3.3] ^ olBHlol^l- 3^*>fe ^;7il« C-l S#*Hr ^ «V^. 

^T 1 * 9. 

SoC eflU tH^S«*l 3M3# ItflS ^5^€ Efl^S #7) 7fll S<H#2l ^e)^IC«-°J|7)l afl^o.^ 3.0] 

-^-3.*] Bf°1^4 SoC 31 H EH n <J ^ 7^1 ^1* ifs}^ ^71) 3^ 

10. 

Wfe ^Tfl 
^T^o 1 " 11. 

*H6*<hi sa<>H, 

44-21 -ff^l-* ^71 7fll 3°HM1 #71 IC*°fl?fl ^ofl #71 ^Tfll-Ol ^Sfl^lfe £7* ^ 

12. 

Cf^r2l -ft-VJl-* 7fl! a^#2l #71 -S 31^ IC»^7fl ^ofl #7) ^fto] ^Sfl^S), ##0) aV 

71 3* -R-^l-^r Sl-21 ^ * E}oln o loH ^ S fl E |AE 3fl^4 7l#§f^ °l>ffl;E Efl^S sfll^ ^Sj-fe °l<t2:£ 
717-1 Ell^SAi TMj^lfe «74| 3* #<£. 

^T 1 * 13. 
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7fll2#°ll SA^H, 

#7l 7$% 3L°]&2\ #7l Al-f-eflol^ EliEBj*| 7 } o]^S. C fl°l^ 3L n J?* 7>*H, o)3_M\ # 7 1 ojBfle tfli 

3 SI ^7] 3* -B-^^l s1«R #7l SoC^ #7l aolti 5fl°H*l ^fl. ^rf|zi7> -8-o]sVt11 £|fe #7fl 3* 
^T 1 ^- 14. 

#^ 3^ -R-^l-* #7] 71) f ^cHS-<^ AV 7l Aj^s ICl-ofl7)l ^ofl A o > 7 ] #7^0) ^«fl*lsq, #7] 

-fhb}*^ Bfl^S EfliS* #7l ^5]^ IC#^ °J/#^ ^I-Jf ^5)^ ^ 

^t 1 ^ 15. 

4t^1 7l# 3.o]^o] ^m$\oj ^# so] 71*1 SoC (system -on-chip)^ 3^* #*H 5fl°l*l. 

7>>-g-^W <?]El5|lol^S>Jl ^Tfl 3** #*1^ ^#* *<H*M °))S1 

43-71 A]^Efl ^e^;*^ E|ilii^] ti|0]£|* ^A]#j7 SoC°11 1=H^ 7]^ 5LO]^--jr ^]]^t}7) 

^#*Hr *1H ## i£##b o^s.. ^ 

#71 ^^-B-y nflo] A^i^ ^^Ei# olE^loli^ A^eA 

##2l ^ElS IC S^ Aj- 7 ] -B-^#S^-El A 0 > 7 ) ^A]S>^1 Aj-7] -fr^S-Sf ofl?] Al^Ej ^^E^ofl 

^*fl Jg7>^ ^#7l ^«fl A o V 7 ] ^ ^-^#4 ^#5H, Aj-7] ^^3. IC s.^ SoC oll A o V 7 , 

71tt s<Hi-4 ^-<y# m^f £fe ^Tfl 3* #*1. 
^^-^o 1 " 16. 
^llS^l 91^*], 

##5] #7] oyoj Aj.7] ^oj 3^7} Aj-71 A^Ej HjAf ^gfl #7-) nfl o] A^Ej ^^^H.^ ^ Efl^S^ 

*1 HH^*- ScflS #7] #7) ^el^ IC ^ AJ-7] Efli E 3)1^1-^. AjAj^j! #71 AJ^S IC ol 

4 V 7l -g-^- 3g7l-*Hr ^711 #^1. 

17. 

71115*0^1 Si^^i, 

#Z|o| a o v 7] ^^o.^ol #7l ic« # *KH1 *#slfe ^711 #^l. 

18. 

*lll5#ofl Sl^7-]_ 

##21 #71 ^ -a-^o) Aj-7] AjelS ]C s. ^ ^oll f-#£l^_ AJ 7 ] 4W1-21 ElliE ^s.^ Efl^S^ #7) e) 

s ic^si ^#.# ^Slfe ^741 ## 
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^tP^" 19. 
*fll5*<H} Sl'H^i, 

3* «■ tfl^H ^*-§- ?H"1, -SM -R-^fil « T 1 ^* EliSf a o v 7 ] ICS) ^ ^ 

^T 1 ^ 20. 

3^ * ^f-^J tfl^H 5>J1 ^71 -B-^^ « ^^8: tlliSl ^>7l ^S^S IC o^ ^ Zj-qtH 

4^ *K}-#7f| ^5^, ^"71 afSl A>ol^7l- ^71 «*3"€ ^ ^2}^ IC^ ^# StflS 

-*7l rifl«] Al^ej CPU ofl ^JgS)^ ^7^1 3# 

21. 

^115^1 5a°H. 

^"71 -ft-yofl ^>7l ^S^S IC ofl rflig- Aj- 7l sfll^-i-g- A|7g^ Aj. 7 l ICS1 A o > 7 ] O.CJ. ^aj^ 

J§7>^ XJ<H ^fi^* TlH ^^fe ^71 3* -R-^S} AAQ H^S. ^* afl^fe ^711 3^ 

^T 2 -^ 22. 
7fil5*<Hl &<>H. 

^"71 tfl-g- 7]^ 57CH» ^^>7l $n -#7) IC# 3g7>*>Jl, ^7] ^ ^^-s)) 

ojElS ^71 ^E^H^ ^ ^ai^. ofl^-^olH^S.^ ^7] SoC°11 ^« #71 *JB]$ IC» ^ ^ 1}$ 

°)£\no}+3. cl 3g 7 >^> fe ^741 ^1. 

3^ 23. 

^"71 ^ -B-^ol -# 7 ] tfl-g- 7)^ aolf 3^7] §^ ^-7] IC* * 7>*)02, ^7} ^ -fh^*^ FPG 

AS. -yeHHi * ^ = S3j oi 7l^»^r ^$-.03.^ #7l SoC°fl A <M ^e}s IC ^ ^ s^-jf ?><*] *]Ei 

aflol^s. ci ^ 7 >*l-fe X| ^1. 

24. 

71]15*<M1 5U°H, 

A d-7l °|)<y Aji^) sg^af 4v 7 ] -B-^l-oi a> 7 ) 7fl1g 2 ois.^ rflji§i-ir ^71 ^el^ ictlTl] SoC efl«g Efl^s 
afl^l t1\o]n\s. ^s. ^S^« Eflie 7 >^^. *f|^o.3.*| sol Ej-ol^uq. SoC eflt ^^1^ 

3^*Rr ^Tfl ^1. 

^t 1 ^- 25. 
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*fll5* 0 Ml 5!W*1. 

3^*Rr 

Dt 1 ^ 26. 

"i)<y A^^g ^^^^-71 ^ ^fo] ^1 SoC^l A]^-efloi^ <>i#e)?floi^ Aj-g-lg- 

— -Sl'H ^31 ^'?]* ^7] Dll<y Al^Ej ^^Eife ^ *#S>JZ #7] 

^tt S-tifl -*7l Cf^o^ ^S^l t^fOS«l Aj 7 ] SoC <^#5l 

TiH^l ^1^1-* $Bfl5}fe A^] ^ #*|. 

^T^J- 27. 
*1]15*<W1 

A> 7 ) njo] Al^^ ^^fE-jSf ^f, oy fo] £3) SoC^l A] -§-5)) Ai eJae^^] ^ o] ^e) ?)) o] # ^ A>-g-^- 

^- < a»^r "Z*\°-3. ^7} ^ ^7] Mill g-^ SoC i = Sfl<H <H# 

g.afl«r}ai, Aj- 7 1 pfloj ^^fE^7> <=J $ 3] <^B\/Jl^ ?£^*\-7) «fl SoC ell 1 ! -g-^-fi- ^^*>£^ # 
7) -R^SSL^^ Aj-7) ICS .cq -g-^-s.^ -S^l 3^ 

28. 

aq-jq-iq #7l 3^ -R-^£] ^ rfl-g- IC# JS.-fr*Hr JiE.* c| ^Tfl 

^ np"^" 29. 
^115*^1 5U«H^I. 

*H 51^ ^e^s IC ^^ ^ Ji-a-*>fe Aj^ IHf c| 3Ef-*Kr 433) 3^ 

^^J- 30. 

— ^tHi-i- ^S^^rfe OISHS 7)7-] Efi^SA-l ^Aj£) fe 

31. 

^130*J-^1 SI<H^ ( 

AJ-71 ^<>l-i-£l Aj-7l A)#el)olA| EfliEB5^7> ol»£E 7 | x-1 Cfl o] ^r$-jr 7^H, 0]^*^ Aj- 7 | 0 ] «jj e 7 ) ^ Efl + 

El?l Aj-71 ^71 SoCSl A o V 7 ] 3 ^^.S1 iff- ClUlll7f -g-olSVTll ^§ ^1. 
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32. 

sa«H^. -SM ^ -fry AA^r, 

7)^ ±^r(±^r ^ aq- °}>ti!HSl e}o^ c-)]o)b]« 7l^s}7l n))5Le] ; 

#7l o^s K|JE.el» ^^l^-SM o|j=efli tflolE)* >S^*>7l 

-3-71 ^ Jf-g- tflolElS. #*fl*l -8-71 71$ $7l°VS. o^E 7 fl ^ A]Jr^ ^^*>7l oj^JH S 

q-^1 Ol^S* ^t}7] Ol^flE AgAj O-^. Q] 

#7l #71 ^el^ IC^ #71 ^#ofl7fl §^*>7l ^Sfl 3^ -B-y^l ^^Sflil: ^#S>7l fl* 3^ -fW 7l 

* £#S}fe oltfflE 7 ^ Efl^ElSAi ^Slfe ^ 

^^8" 33. 

7l^ S<H*ol oi^ tfl# 7j^ SoC (system -on- chip) ^?fl 3^-§- fl$r #*H &<>H, 

#71 oflo] Al^efl 3^^^ HH^l* ^#S]-JI SoC^l 7l^ tfl^SSl-71 ^Sfl 

#71 HH^l* #-g-*W Bfl^S ^3*Hr ^ 95 

#7l 3* #71 Al^ej ^^Bl# 0]El^l0l^*>^ A|A| 

« IW, 

T*t4\ ICl-^r #71 °-^S-Ji.*jL&| #7l tfliH ^H* *r*&&7\ fl*f| #7] #7l 

3* -fr^* « oil?] ^fl^dfl $7>3 ^*Ml. #7] ^Sl^ IC*°1 #71 SoC<H! # 

7] 7l^r vfl^ 7>^H; 

#71 Dflol A^EJ fl^fe #71 ^51^ ICl-oflTll Tfl^^ Efl^s Sflltil^ AgAjel-31, #7l ^ e) § ICl:^ -g-^ 

4 ^7>*>J7, #71 SoC ^1 El-o|oj ^ Sl^MMi 2J 7 >1- -a^^ol, #7l SoC^l ^ *£7\] ^ 5-^ #^** 

^^Al7l^ A^^j #^1. 

5^ 
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28 




HDL ^l^^ojE] 
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£<3 2 



S31 



S32 



g-^S^j -g- FPGA/o|ll:^l^l^* 

A>-§-*|-<^ o] 6) 3fl o] ^ _ 



i ^-S33 

^swa*!^ soc 3n <g?n ^£tt 

A>-g-*M Bj-o]^^. ^^^q- 



•S34 
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